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FOREWORD 

The  adverse  effects  of  extreme  noise  exposure  on  man*s  hearing 
ability  are  well  recognized.  However,  more  information  is  needed  regard 

ING  THE  POTENCY  OF  DIFFERENT  TYPES  OF  NOISE  FOR  PRODUCING  HEARING  IMPAIR 
MENTS  AND  THE  ABILITY  OF  PROTECTIVE  ITEMS  TO  OFFSET  SUCH  EFFECTS.  THE 
PRESEHT  INVESTIGATION  STUDIED  THE  TEMPORARY  HEARING  LOSSES  RESULTING 
FROM  COHTROLLED  EXPOSURE  TO  TWO  TYPES  OF  NOISE  WHICH  ARE  PREDOMINANT  IN 
COMBAT  SITUATIONS.  ThE  EFFECTIVENESS  OF  THE  NOISE  PROTECTION  GIVEN  BY 
A  CWIVEMTIONAL  HELMET  ITEM  UNDER  THESE  EXPOSURE  CONDITIONS  WAS  ALSO 
EVALUATED. 
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Temporary  hearing  losses  for  rRCQuCNCtes  250  to  8000  cps  were  notco 

FOR  BARE  AND  PROTECTED  EARS  (CVC  HELMET)  AFTER  6-,  12-,  AND  1 8-MI  NOTE 
EXPOSURES  TO  IMPULSE  NOISE  (RECORDED  3^-CAL.  MACHINE-GUN  FlRC)  AND  CCII- 
TINUOUS  WIDEBAND  NOISE  OF  COMPARABLE  ENERGY*  THRESHOLD  LOSSES  FOR  BOTH 
TYPES  OF  NOISE  WERE  GENERALLY  CONFINED  TO  FREQUENOIES  ABOVE  1000  CPS  AND 
TENDED  TO  BECOME  GREATER  WITH  INCREASING  EXPOSURE  TIME*  CONTINUOUS  NOISE 
CAUSED  GREATER  HEARING  LOSSES  THAN  THE  IMPULSE  NOISE  UNDER  BARE  EAR  CON¬ 
DITIONS  FOR  THE  THREE  EXPOSURE  TIMES*  A  COMPARISON  OF  THESE  LOSSES 
AGAINST  THOSE  NOTED  WHEN  USING  THE  HELMET  INDICATED  THAT  THE  HELMET  GAVE 
SIGNIFICANT  PROTECTION  AGAINST  CONTINUOUS  NOISE  BUT  LITTLE  PROTECTION 
AGAINST  IMPULSE  NOISE. 

A  SECOND  EXPERIMENT  STUDIED  THE  RECOVERY  OF  4000  CPS  THRESHOLD 
LOSSES  FOR  A  20-MINUTE  PERIOD  AFTER  EXPOSURE  TO  THE  NOISE  CONDITIONS 
CITED  ABOVE.  CSPECIALLY  FOR  THE  LONGER  EXPOSURE  TIMES  (l2  AND  l8 
minutes),  THRESHOLD  RECOVERY  FROM  BARE  EAR  EXPOSURES  TO  CONTINUOUS  NOISE 
WAS  SLOWER  THAN  THAT  NOTCO  FOR  IMPULSE  NOISE.  AS  COMPARED  WITH  THE  BMC 
EARS,  WEARING  THE  HELMET  PROVIDED  FASTER  RATES  OF  RECOVERY  FROM  LOSSES 
DUE  TO  CONTINUOUS  NOISE  EXPOSURES  BUT  DID  NOT  FACILITATE  RECOVERY  FRON 
LOSSES  DUE  TO  IMPULSE  NOISE. 


TEMPORARY  HEARING  LOSSES  FOR  PROTECTED  AND  UNffiOT£CT£0  EARS 
AS  A  FUNCTION  OF  EXPOSURE  TIME  TO 
CONTINUOUS  A®  tMPULSE  NOISE 


Introduction 

Military  operational  situations  expose  the 
and  impulse  noise.  The  noise  produced  by  the 

AND  AIRCRAPT  IS  AN  EXAMPLE  Of  THE  ISHED 

WEAPONS  EXEMPLIFIES  THE  IMPULSE  COMPONENT.  IT  HAS  ''  “^^3 

that  both  TYPES  CAN  CAUSE  HEARING  LOSSES  5,  7, 

»rrcT'sT"7'"«r-"i«  MoucJ  ™remcuNlrV  coH.»r  ; 

Only  BECENTLyI  HWEVEB,  11»VE  the  "'“”„J”°ieMPORABT*POST-  - 

IMPULSE  noise  BEEN  STUDIED  ON  A  COMPARATIVE  B*S*S* 

exposure  losses  IN  HEARING*  AS  AN  INDEX  OF  ACOUSTIC  TRWM^  IT  HAS  BE 
FOUND  THAT  IMPULSE  NOISE  IS  ..ESS  NOXIOUS  PRESENT 

continuous  noise  (i4).  Enlarging  upon  the  3"”" lowing 

investigation  was  concerned  with  the  ?mp^se 

VARIOUS  EXPOSURE  TIMES  TO  COMPARABLE  AMOUNTS  OF  ‘  ^ 

noise.  In  addition,  the  protection  furnished 

man's  helmet  (CVC-T56-6)*  AGAINST  SUCH  LOSSES  WAS  ASSESSED  UNDER  THE 
different  conditions  of  noise  exposure. 

EXPERIMENT  1  _ 

MAGNITUDE  OF  HEARING  LOSS  FOR  DIFFERENT  FREQUENCIES 

1 .  Methodology  and  apparatus 

A,  Conditions  of  noise  exposure  and  audiometric  tcchhioue 

Tfmporary  shifts  in  hearing  thresholds  were  studied  initially 
for  FREQUENCIES  SJO  TO  8000  CPS  FOLLOWING  l2  DIFFERENT  NOISE 

oiTioNS.  These  gonoitions  represented  all  ®'',|  J^J^tes), 

iuni.iF  f  impulse  continuous),  3  EXPOSURE  TIME*  (6,  l2,  AND  10  HINUTESj, 

A^i  2  dIgR^ES  OF  EAR  PRO^EiilON  (bARE,  CVC  HELMET)  .  THRESHOLD  SHIFTS 
WERE  DETERMINED  FROM  THE  DIFFERENCES  BETWEEN  AUDIOGRAMS  TAKEN  JUST  S^^OSE 

and  i^eLtely  after  each  exposure  to  noise,  audiograms  were  OBTAINED 

*AS  THE  TERM  IMPLIES,  TEMPORARY  HEARING  LOSS  “wiilOUAL 

;;;;rErro^rD;rAT::j  :rTE"sr::?rE  ::l:‘sh;w  ^los,  .n'hear.ng  as  reflected 

BY  SHIFTS  IN  THRESHOLDS  FOR  HEARING  DIFFERENT  FREQUENCIES  OF  SOUND. 

UPON  REMOVAL  FROM  THE  NOISE,  THESE  THRESHOLD  SHIFTS  WILL  J”® 

mcarinG  will  RETURN  TO  NORMAL.  THE  MAGNITUDES  OF  THE  THRESHOLD  LOSSES 
«n/nB  THF  TIME  NECESSARY  TO  RECOVER  FROM  SUCH  LOSSES  ARE  FREQUENTLY  USED 

OUCING  PERMANENT  HEARING  DAMAGE. 

description  OF  THIS  HELMET  CAN  BE  FOUND  IN  REFERENCE  (H) .  IT  IS  TO 
BE  REFERRED  TO  HEREINAFTER  AS  CVC  HELMET. 


•V  MCAHS  or  A  Bw^st  TECMHIQUt  0)  Iff  WHICH  A  TCtT.TOHC  WA*  CONTIMOOySLY 
VAftlCO  ACROSS  THE  fREQUEHCy  RAMOE  100  TO  lOOOO  CPS.  TmIS  SIONAL  WAS 
PROOOCEO  ST  A  ORASON-StaOLCS  OSCItUWOS  (MOOEt  95®)  «««»«  ^ 

WAS  OEAREO  TO  A  1  RHP  REVERSIStE  IWTOO.  Bt  MEANS  Of  THE  «»«‘>TE  WITCH 

0t4  A  Grason-Staoler  motor-oriven  rccowim  attenuator  (Moott 

THE  SUBJECT  CONTINUOUSLY  CONTROLLCO  THC  SIGNAL  INTENSITY  80  AS  TO 
OSCILLATE  BETWEEN  JUST-MEARING  AND  .WST-NOT -HEARING  THE  TEST  TONC. 

The  attenuator  gave  a  2.5  os/sce  «at«  or  signal  attenuation  over  a  100 

DB  INTENSITY  RANGE. 

The  SUBJECTS*  intensity  settihcswere  plotted  against  test-tone 

TREQUENCY  ON  THE  RECORDING  SECTION  OT  THE  ATTENUATOR.  A  TYPICAL  PLOT  IS 

SHOWN  IN  Figure  1.  As  indicated  im  this  graph,  the  midpoints  between 
THE  PEAKS  (points  Of  JUST-HEARING  Tltt  SIGNAL)  AND  TROUGHS  (POINTS  OF 
JUST -NOT -HEARING  THE  SIONAl)  WERE  COIMECTEO  BY  STRAIGHT  LINES  TO  CSTAD- 
LISM  THE  THRESHOLD  CURVE  ACROSS  THE  SPCCIflEO  FREQUENCY  RANGE. 

B.  Sources  of  impulse  and  coNTtHoous  noise 

The  source  of  repeated  ihpwlse  noise  was  the  sound  produced  bt 

FIRING  A  30  CAL.  AIR-COOLCO  MACHINE  CON.  ThiS  NOISE  WAS  ORIGINALLY 
RECORDED  ON  TAPE  AT  AN  INFILTRATION  TRAINING  COURSE  WHILE  THE  WEAPON 
WAS  IN  USE.  In  THE  RECORDING  SITUATION,  THE  OUTPUT  OF  A  MaSSA  MICRO¬ 
PHONE  (Model  i4iF),  placed  just  eCHiffO  the  gunner's  right  ear,  was  led 
TO  BOTH  CHANNELS  OF  AN  AmPEX  OUAL-CHAHNEL  TAPE  RECORDER  (MODEL  350  • 

The  tape  speed  during  recording  was  15  in/ sec.  The  peak  levels  or  the 
FIRING  NOISE  AT  THE  GUNNER’S  EAR  WERE  133  0B»  (rE  0.0002  0YNE/Cm2) 

AS  MEASURED  ON  A  GENERAL  RaOIO  IMPACT  NOISE  METER  (MODEL  155oA)  WHICH 
WAS  COUPLED  TO  A  GENERAL  RaOIO  SOUND  LEVEL  METER  (HOOEL  1551B). 

The  original  recording  contained  bursts  of  3  *no  4  rounds  of  gunfire, 

AND  THE  TOTAL  RECORDING  TIME  WAS  APPHOXIRATELT  4  MINUTES.  SELECTED  SEG¬ 
MENTS  OF  THIS  TAPE  WERE  SUBSEQUENTLY  SPLICED  TOGETHER  TO  FORM  A  CLOSED 
LOOP  THROUGH  THE  TAPE  DECK.  THOS,  THE  RECORDED  SOUNDS  COULD  BE  PLATED 
BASK  CONTINUOUSLY  FOR  ANY  DESIRED  LENGTH  OF  TIME.  8t  FEEDING  THIS  OUTPUT 
TO  ANOTHER  DUAL -CHANNEL  TAPE  RECORDER  (AmPEX,  MOOEL  351 )  WITH  CONTIN¬ 
UOUSLY  MOVING  TAPE,  A  FINAL  RECORDING  WAS  OBTAINED  WHICH  COULD  REPRODUCE 


*THCSe  PEAK  VALUES  ARE  LOWER  THAN  THOSE  fOT ED  IN  A  SURVEY  OF  THE  NOISE 
generated  by  THE  3O  CAL.  MACHINE  CUN,  AS  WELL  AS  THOSE  OF  OTHER  WEAPONS  (1). 

While -THIS  discrepancy  may  reflect  tkc  tendency  of  the  peak  REaoiho 

METER  TO  UNDERESTIMATE  THE  LEVELS  CF  IMPULSE  SOUNDS,.  SUBSEQUENT  MEASURE¬ 
MENTS  OF  THE  IMPULSE  NOISE  WITH  A  C*-ltRATEO  OSCILLOSCOPE  INDICATED  PEAK 
I CH  WERE  IN  AGREEMENT  WITH  THE  METER  RES0IN6S.  ThE  DIFFERENCE 
MAY  BE  DUE  TO  THE  FACT  THAT  THE  MACHINE  GUN  USED  IN  THE  PRESENT  STUDY  WAS 
FIXED  TO  A  MOUNT  WHICH  WAS  IMBEDDED  IN  A  3  FOOT  HIGH  CONCRETE  PLATFORM. 

In  the  noise  survey,  measurements  IFERC  taken  on  guns  WHICH  WERE  MOUNTED 
ON  TANKS  AND  CONVENTIONAL  TRIPOBS.  ftlESUMABLY  THE  LATTER  CONDITIONS  MAY 
HAVE  enhanced  the  NOISE  LEVELS  OF  THE  WEAPON. 


2 


00  Nl  N0llVnN311V 


fiCURC  2:  OSCIttOCRAfH  TRACING 

or  burst  or  imrulsi  noisc.  Tmc 
TIHC  BA5C  (horizontal  AXIs)  IS 
20  MILLESEC/oi V. 


MACHINC>«W  FIRt  rOR  FCRIOOS  AS 
LONG  AS  l8  MINUTES.  ANALYSES  OF 

pr'-U.— - THIS  TAFC  WITH  N  BRUSH  GRAPHIC 

u  it  ■' recorder  (Mark  II)  and  Hewlett- 
-'HSr  Packard  oscilloscope  (Model  152A) 

SHOWED  that  13611  BURSTS  OCCURRED 

7  FtH  MINUTE  WITH  THE  DURATION  Or 

THE  BURST  AVERAGING  6O  MILLESEC 

[  •  ;li.  i  »  (Set  Tig.  2). 

AT  I  ON  (Fig.  3),  the  recorded  cun- 

Figure  2:  Oscillograph  tracing  riRC  was  played  back  through 

or  BURST  or  impulse  noise.  The  Acro-swno  60.watt  power 

time  base  fHORIZONTAL  AXis)  IS  (MaRK  II)  AND  FED  TO  ONE  ‘ 

20  MiLLELi/oiv.  Lansing  {602A)  and  two  Acoustic 

20  MiLLESEC/Div  Research  (AR-2)  speakers  which 

WERE  located  IN  A  SOUND-DEADENED 
ROOM.  The  loudspeakers  formed  an 

EQUILATERAL  TRIANGLE  (lENGTH  OF  EACH  SIDE:  68  INCMES)  AND 
SOUND  INWARD  TOWARD  THE  CENTER  OF  THE  TRIANGLE  WHERE  THE  SUBJECT  WAS 
SEATED  WITH  HIS  EARS  AT  APPROXIMATELY  THE  LEVEL  OF  THE  SPEAKERS.  ThIS 
REPRODUCTION  SYSTEM  YIELDED  BURST  LEVELS  OF  FIRING  NOISE  WHICH  AVERAGED 
128  OB  AT  THE  listener's  EARS,  INDIVIDUAL  BURSTS  RANGING  |25  TO  IJI 

DB.  Limitations  of  the  amplifier  and  speaker  systems  prevented  *  ®^tt  r 

CORRE^ONOENCE  BEING  OBTAINED  WITH  THE  ORIGINAL  BURST  LEVEL  VALUES  NOTED 

above.  The  intervals  between  bursts  in  the  test  situation  averaged  75 
IN  intensity.  Computations  which  took  into  account  burst  level,  inter¬ 
burst  LEVEL,  AND  THE  AMOUNT  OF  DURST  AND  INTER-BURST  TIME  PER  MINUTE 
indicated  THAT  THE  AVERAGE  SOUND  INTENSITY  REACHING 

minute  of  exposure  was  111  DB.  THESE  COMPUTATIONS  ARE  DESCRIBED  IN  THE 
Appendix. 

The  continuous  noise  source  was  the  output  of  a  Grason-Staoler 
NOISE  generator  (model  4555).  This  output,  by  means  of  a  switching 
arrangement  (Switch  A  -  Fig.  3),  was  supplied  to  the 

speaker  system  already  described.  The  overall  noise  level  of  the  contin- 

NOISE  W«  NEIO  CONSTANT  AT  tit  D>  AT  TNE  OBSEA.CA-S  EAltS  WHICH 

hatched  the  average  intensity  level  for  the  impulse  noise. 

The  intensity  readings  for  the  impulse  noise  in  the  sound-deadenco 
room  were  noted  on  the  impact  noise  meter  and  sownd  level  m^er.  Inser¬ 
tion  OF  A  General  Radio  octave-band  noise  analyzer  (Model  155OS)  between 
THESE  two  meters  GAVE  A  DESCRIPTION  OF  THE  FIRING  NOISE  IN  OCTAVE  BANDS. 

•Adequate  description  of  noise  requires  measurement  of  overall  '^tensity 

LSVEL  AS  WELL  AS  A  DETERMINATION  OF  THE  SPECTRUM.  THE  LATTER 
OF  DIVIDING  THE  FREQUENCY  COMPONENTS  OF  NOISE  INTO  OCTAVE  OR  1/3  OCTAVE 
BANDS  AND  MEASURING  THE  INTENSITY  LEVEL  IN  EACH  BAND. 
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Figure  3:  Block  diagram  of  experimental  situation 
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FIGURC  4:  OCTAVt  »ANO  ANALtSC*  Of  OBIOH44L 
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Subjects 


In  the  riRST  session,  the  subject  was  instructed  in  the  use  or 

THE  SWITCH  CONTROLLING  THE  ATTENUATOR  AND  GIVEN  AN  ASCENDING  AND  DESCEND¬ 
ING  THRESHOLD  TEST  ON  EACH  EAR«  THL  ASCENDING  TEST  INVOLVED  THRESHOLD 
DETERMINATIONS  WHILE  THE  TEST-TONE  WAS  INCREASED  FROM  100  TO  10000  CPS 
IN  FREQUENCY.  UNDER  DESCENDING  TEST  CONDITIONS,  THRESHOLDS  WERE  OBTAINED 
FOR  THE  TEST-TONE  AS  IT  WAS  DECREASED  FROM  10000  TO  100  CPS.  EaCH 
ASCENDING  AND  DESCENDING  TEST  REQUIRED  11  MINUTES  TO  COMPLETE,  DURING 
WHICH  TIME  THE  SUBJECT  CONTROLLED  THE  ATTENUATOR  SO  AS  TO  OSCILLATE 
BETWEEN  JUST -HEARING  AND  JUST -NOT -HEARING  THE  TEST -TONE.  DuRlNG  THE 
PRACTICE  SESSION,  THE  TEST-TONE  WAS  FED  THROUGH  EITHER  THE  RIGHT  OR 
left  PHONE  OF  A  SET  OF  PeRMAOYNE  ' EARPHONES  (fW-8}  WHICH  WERE  MOUNTED 
IN  DOUGHNUT  CUSHIONS  ANO  HELD  AN  A  SPRING  HEADBAND.  THIS  HEADSET  WAS 
ALSO  USED  IN  SUBSEQUENT  TEST  SESSIONS  FOR  BARE  EAR  EXPOSURES.  IN 
THESE  INSTANCES,  THE  SIGNAL  WAS  FED  THROUGH  THE  EARPHONE  OF  THE  TO-BE- 
EXPOSED  EAR  WHICH  WAS  GIVEN  AN  ASCENDING  THRESHOLD  TEST  JUST  BEFORE  THE 
NOISE  EXPOSURE.  ThE  EARPHONE  WAS  THEN  PUSHED  BACK  OFF  THE  EAR  AND  THE 
NOISE  PRESENTED.  AT  THE  END  OF  THE  EXPOSURE,  THE  SUBJECT  SLIPPED  THE 
CARPHONE  OVER  THE  EAR  ANO  HAS  GIVEN  A  DESCENDING  THRESHOLD  TEST.  A 
PERIOD  OF  10  SECONDS  ELAPSED  BETWEEN  THE  CONCLUSION  OF  THE  NOISE  EXPOSURE 
AND  THE  START  OF  THE  DESCENDING  TEST.  THE  EAR  NOT  BEING  EXPOSED  WAS 
SEALED  WITH  A  COTTON-VASELINE  PLUG  AND  COVERED  WITH  THE  OTHER  EARPAD 
OF  THE  HEADSET  DURING  THE  ENTIRE  TEST  SESSION.  WHEN  THE  CVC  HELMETS 
WERE  WORN,  THE  TEST-TONE  IN  THE  THRESHOLD  TESTING  WAS  FED  THROUGH  THE 
appropriate  EARPHONE  OF  THE  HELMET*S  COMMUNICATIONS  GEAR  TO  THE  EAR 
UNDER  STUDY  PRIOR  70  ANO  JUST  AFTER  THE  NOISE  EXPOSURE.  DURING  THESE 
SESSIONS,  THE  EAR  NOT  UNDER  TEST  WAS  SEALED  WITH  A  COTTON-VASELINE  PLUG 
IN  ADDITION  TO  THE  HELMET  EARPIECE. 


2.  Results 


A.  Losses  related  id  frequency  and  exposure  time 


E.  Procedure 


THE  PRECEDING  SESSIONS.  INDEED,  THE  RANGE  OF  SESSION  TO  SESSION  PRE¬ 
EXPOSURE  threshold  VARIABILITY  FOR  A  GIVEN  EAR  WAS  TYPICALLY  SMALL 

(9  os).  The  first  hour  was  intended  to  familiarize  the  subject  with  the 

TEST  procedure  ANO  INCLUDED  NO  NOISE  EXPOBURE.  A  DIFFERENT  COMBINATION 
OF  THE  12  EXPERIMENTAL  CONDITIONS  {2  TYPES  OF  NOISE  X  3  DURATIONS  Of 
EXPOSURE  X  2  EAR  COVERINGS)  WAS  PRESENTED  IN  EACH  OF  THE  FOLLOWING  12 

SESSIONS.  Only  one  car  was  exposed  and  tested  for  hearing  loss  in  each 

SESSION,  THE  RIGHT  ANO  LEFT  EARS  BEING  USED  ALTERNATELY  ACROSS  THE  12 
EXPERIMENTAL  SESSIONS.  ThE  RIGHT  EARS  FOR  HALF  OF  THE  SUBJECT  GROUP 
WERE  ALWAYS  EXPOSED  IN  THOSE  CONDITIONS  INVOLVING  IMPULSE  NOISE,  ANO  THE 
left  ears  OF  THESE  SUBJECTS  WERE  TESTED  ONLY  UNDER  CONTINUOUS  NOISE  CON¬ 
DITIONS.  For  the  other  half  of  the  subject  croup,  the  right  ear  was  always 

TESTED  IN  THE  CONTINUOUS  NOISE  CONDITIONS  ANO  THE  LEFT  EAR  TESTED  IN  THE 
IMPULSE  NOISE  CONDITIONS. 


PREt  AND  POST -EXPOSURE  THRESHO-DS  FOR  EACH  TONE,  WERE  DETERMINED  FOR  THE 
SUBJECT  GROUP  UNDER  THE  VARIOUS  EXPERIMENTAL  CONDITIONS.  TABLE  I  SHOWS 
THE  ^lEDIANS  AND  SEMI -I  NTERQUARTIIE  RANGES*  OF  THE  NEARING  LOSS  DATA.  IT 
IS  INDICATED  THAT  THE  MAGNITUDE  AND  VARIABILITY  OF  THRESHOLD  LOSSES  WERE 
GREATER  FOR  FREQUENCIES  1000  CPS  AND  ABOVE  THAN  FOR  THOSE  BELOW,  IRRE¬ 
SPECTIVE  OF  DIFFERENCES  IN  EAR  PROTECTION,  EXPOSURE  TIME,  AND  TYPE  OF 

noise.  There  is  also  a  general  trend  for  hearing  loss  to  increase  with 

INCREASING  EXPOSURE  TIME.  SEPARATE  EVALUATIONS  OF  THIS  TREND  FOR  EACH 
COMBINATION  OF  EAR  PROTECTION  AllO  TYPE  OF  NOISE  CONDITIONS  WERE  ALL 
STATISTICALLY  SIGNIFICANT  (P  <  .C^)  .*» 


Comparison  of  hearing  losses  for  continuous  and  impulse  noise 


Table  11  shows  the  oiiterences  between  the  median  hearing  losses 

FOR  the  VARIOUS  FREQUENCIES  WHICH  WERE  PRODUCED  BY  CONTINUOUS  AND  IMPULSE 
NOISE  FOR  THE  THREE  EXPOSURE  TIMES  UNDER  BARE  EAR  CONDITIONS.  WiTH  FEW 
EXCEPTIONS,  THRESHOLD  IMPAIRMENTS  FOR  CONTINUOUS  NOISE  WERE  GREATER  THAN 
THOSE  FOR  IMPULSE  NOISE  FOR  ALL  EXPOSURE  TIMES.  EVALUATION  OF  THESE  DIF¬ 
FERENCES  by' THE  MANNA/HITHEY  O-TEST  FOR  INDEPENDENT  SAMPLES  {H)***  'NDI- 
CATEO  THAT  THRESHOLD  LOSSES  I*  THE  RANGE  IJOO  TO  oOOO  CPS  FOR  O-MINUTE 
EXPOSURES  AND  2000  TO  6000  CPS  FOR  12-  AND  iS-MINUTE  EXPOSURES  WERE  SI6KI 
FICANTLY  GREATER  FOR  CONTINUOUS  AS  COMPARED  TO  IMPULSE  NOISE. 


c.  Noise  protection  giyew  by  CVC  helmet 

The  amount  of  noise  protection  given  by  the  CVC  helmet  was 

DETERMINED  BY  NOTING  THE  OIFFOENCES  BETWEEN  THE  MEDIAN  HEARING  IMPAIR¬ 
MENTS  OCCURRING  UNDER  PROTECreO  (CVC  HELMET)  AND  UNPROTECTED  (BARE  EARS) 

CONDITIONS.  Table  111  classifies  these  differences  by  frequency,  type 

OF  NOISE,  AND  EXPOSURE  TIME  AND  SUMMARIZES  THE  RESULTS  OF  A  SIGN  TEST 
(13)  EVALUATION  OF  THE  DIFFEREHCES.  IT  IS  SHOWN  THAT  THE  CVC  HELMET  IN 
THE  CONTINUOUS  NOISE  FIELD  SIGNIFICANTLY  REDUCED  THE  AMOUNT  OF  HEARING 
LOSS  FOR  FREQUENCIES  3OOO  TO  ftXX)  CPS  FOR  6-MINUTE  EXPOSURES,  FREQUENCIES 

♦The  semi -I nterquartile  range  (Q)  is  a  measure  of  variability  about  the 

MEDIAN  OF  A  DISTRIBUTION  OF  DATA.  SPECIFICALLY,  IT  DEL  I  Ml  TS  0)E-HALF 
OF  THE  MIDDLE  OF  SCORES  ABOUT  THE  MEDIAN. 

♦♦The  Jonckheere  oisthi  but  ion-free  K-sample  test  for  ordered  alternatives 

(0)  WAS  USED  IN  THESE  ANALYSES.  THE  HEARING  LOSSES  FOR  EACH  SUBJECT, 
WHEN  AVERAGED  ACROSS  ALL  FREQUENCIES,  SERVED  AS  THE  RAW  DATA  IN  THE 
COMPUTATIONS. 

♦♦♦For  PURPOSES  or  this  study,  it  was  assumed  that  different  ears  of  the 

SAME  SUBJECT  WOULD  REACT  IHOCPENOENTL Y  UNDER  THE  NOISE  EXPOSURE  CONDI¬ 
TIONS.  Since  different  ears  of  the  same  subjects  were  exposed  to 

IMPULSE  AND  CONTINUOUS  NOISE,  THE  TEST  OF  THE  DIFFERENCES  PRODUCED  BY 
these  TWO  TYPES  OF  NOISE  WAS  BASED  UPON  A  STATISTIC  USING  INDEPENDENT 
SAMPLES  OF  MEASUREMENT. 
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table  II 

DIFFERENCES  BEIWEEN  MEDIAN  HEARING  LOSSES  (IN  DECIBELS  ^DB/J 
CONTINUOUS  AND  IMPULSE  NOISE  FOR  THREE  EXPOSURE  TIMES 
under  bare  ear  CONDITIONS 

Exposunt  Time  (Miw.) 


0.0 

-2.0 

0.0 

4.0 

6.0 

3.0 

9.0* 

19.0** 

n.o» 

n.o» 

0.0 


note :  PosiTi ve  difference  indicates  that  losses  under  continuous 

NOISE  EXCEED  THOSE  NOTED  FOR  IMPULSE  NOISE.  NEGATIVE  DIFFERENCE 
{-j  INDICATES  THAT  LOSSES  UNDER  IMPULSE  NOISE  WERE  GREATER  THAN 
THOSE  FOUND  FOR  CONTINOOUS  NOISE. 

*.01  <  p  <  .05 

•*P  <  .01 

TABLE  III 

DIFFERENCES  BETWEEN  MEDIAN  HEARING  LOSSES  FOR  PROTECTED  (CVC  HELMET) 
AND  BARE  EARS  FOR  THREE  EXPOSURE  TIPES 
TO  CONTINUOUS  AND  IMPULSE  NOISE 


FRCQUENCy 

6 

12 

250 

3*5 

4oo 

-4.0 

0.0 

500 

-0.5 

1.0 

000 

4.0 

0.5 

1000 

J-5 

-2.5 

1500 

6.5* 

3.0 

2000 

5.0 

6.5* 

3000 

6.0* 

11.5* 

4000 

15.0** 

15.  > 

6000 

10.0* 

23.0** 

8000 

7.0 

7-5 

Frequency 

250 


Continuous  Noise 
Exposure  Time  (Min.) 
6  J2 _  18 

-2.5  2.5  "1.0 

-3.5  0.0  O.C 

-2.5  0.0  0.0 

1 .5  -3.5  2.0 

-2.0  1.5  2.0 

5.5  4.0  2.0 

5.0  11.5*  lO.C 

y*  10.5*  9.C 

•  11.0*  10.C 

*  24.0**  18.C 

*  10.5**  4.C 


Impulse  Noise 
Exposure  Time  (Min.) 


«1 .0 
0.0 
0.0 
2.0 
2.0 
2.0 
10.0* 
9.0* 
10.0* 
l|.0** 


1:3 

.2.5 
-1  .0 
-2.5 
-5.6 
0.0 
-6.0 
-1 .0 
1.0 
2.0 


ROm  PosTtIVE  differences  indicate  that  losses  for  UNPROTECTED  EARS 
EXCEEDED  THOSE  FOR  PROTECTED  EARS.  NEGATIVE  ( -)  DIFFERENCES  INDICATE 
THAT  LOSSES  FOR  PROTECTED  CARS  EXCEEDED  THOSE  FOR  UNPROTECTED  EARS. 

*.01  <  p  <  .05 

**P  <  .01 


2000  TO  0300  CPS  FOR  12-minutc  exposures  and  frequencies  2'jOO  to  6000  cps 
FOR  18-minute  exposures.  On  the  other  hand,  differences  between  unpro¬ 
tected  AND  protected  EAR  EXPOSURES  TO  THE  IMPULSE  NOISE  SHOW  THAT  THE  CW 
HELMET  GAVE  LITTLE  PROTECTION  AGAINST  SUCH  NOISE.  INDEED,  ONLY  ONE  FRE¬ 
QUENCY  (4000  CPS)  FOR  AN  10-MINUTE  EXPOSURE  SHOWS  A  SIGNIFICANT  REDUCTION 
IN  HEARING  LOSS  WHEN  WEARING  THE  HELMET.  ANOTHER  FREQUENCY  (3000  CPS)  AT 
12  MINUTES  OF  EXPOSURE  EVEN  SHOWS  A  SIGNIFICANT  INCREASE  IN  HEARING  LOSS 
WHEN  WEARING  THE  HELMET  IN  THIS  TYPE  OF  NOISE  FIELD. 

EXPERIMENT  11 

RECOVERY  FROM  TEMPORARY  HEARING  LOSS  AT  4000  CPS 


1 .  Methodology  and  apparatus 

A.  General  testing  conditions 

The  purpose  of  this  experiment  was  to  study  the  recovery  from 

THE  TEMPORARY  HEARING  LOSSES  CAUSED  BY  EXPOSURES  TO  THE  12  NOISE  CONDI¬ 
TIONS  OF  Experiment  I.  A  tone  of  4ooo  cps  was  chosen  for  study  since  it 
was  representative  of  those  frequencies  in  Experiment  I  which  showed  marked 

HEARING  LOSSES  UNDER  THE  SPECIFIED  CONDITIONS  OF  NOISE  EXPOSURE.  TmE 
procedure  FOR  THRESHOLD  TESTING  WAS  THE  SAME  AS  IN  EXPERIMENT  1  EXCEPT 
THAT  THE  TEST -TONE  WAS  FIXED  AT  4000  CPS  FOR  THE  ENTIRE  STUDY.  THRESHOLDS 
FOR  THIS  TONE  WERE  TRACED  JUST  BEFORE  NOISE  EXPOSURE  AND  IN  a20-MINOTE 
PERIOD  AFTER  THE  CESSATION  OF  THE  NOISE.  ThE  DECIBEL  DIFFERENCE  BETWEEN 
THE  PRE-EXPOSURE  AND  INITIAL  POST-EXPOSURE  THRESHOLD  VALUES  INDICATED  THE 
IMMEDIATE  THRESHOLD  LOSS  AND  REPRESENTED  THE  STARTING  POINT  OF  THE  RECOV¬ 
ERY  PROCESS.  This  decibel  difference  together  with  those  noted  between 

THE  PRE-EXPOSURE  THRESHOLD  AND  THRESHOLDS  OBTAINED  AT  VARIOUS  TIMES  DURING 
THE  20-MINUTE  PERIOD  FOLLOWING  EXPOSURE  WERE  PLOTTED  AS  THE  RECOVERY 
CURVE  FOR  EACH  NOISE  CONDITION. 

The  INSTRUMENTATION  USED  IN  THRESHOLD  DETERMINATION  AND  FOR  THE 
GENERATION  OF  THE  VARIOUS  NOISE  CONDITIONS  IN  EXPERIMENT  11  WAS  THE  SAME 
AS  THAT  USED  IN  EXPERIMENT  I. 

B.  Subjects 

The  SUBJECTS  were  10  white  enlisted  men  (different  FROM  those 
USED  IN  Experiment  l)  whose  ages  ranged  from  19  to  22  years.  All  subjects 

HAD  NORMAL  HEARING  AS  MEASURED  BY  A  STANDARD  AUDIOMETRIC  TEST  GIVEN  PRIOR 
TO  THE  EXPERIMENT.  OTOLOGICAL  EXAMINATIONS  OF  THE  SUBJECT  GROUP  SHOWED 
NO  SIGNIFICANT  EAR,  NOSE,  OR  THROAT  DEFECTS. 

c.  Design  and  procedure 

Each  subject  was  individually  tested  in  one  practice  session 

FOLLOWED  BY  12  EXPERIMENTAL  SESSIONS;  THE  LATTER  CONFORMED  TO  THE  DESIGN 
CONDITIONS  SPECIFIED  IN  EXPERIMENT  I.  ThE  PRACTICE  SESSION  ENABLED 


SUBJECTS  TO  TRACE  THEtR  4000  CPS  THRESHOLDS  (!•£•#  VARY  SIGNAL  INTENSITY 
SO  AS  TO  OSCILLATE  BETWEEN  JUST-HEARING  AND  JUST -NOT -HEARING  THE  TONE) 

FOR  15  MINUTES  WITH  EACH  EAR  AND  INCLUDED  NO  NOISE  EXPOSURE.  HEADSETS 
WERE  WORM  DURING  THIS  PERIOD,  THE  TONE  BEING  FED  TO  THE  EARPIECE  COVERING 
THE  EAR  UNDER  TEST.  HEADSETS  WERE  ALSO  WORM  IN  SUBSEQUENT  EXPERIMENTAL 
SESSIONS  INVOLVING  BARE  CAR  EXPOSURES  TO  NOISE.  UNDER  SUCH  CONDITIONS, 

THE  4000  CPS  TONE  WAS  SUPPLIED  TO  THE  TO-BE -EXPOSED  EAR  AND  THRESHOLDS 
WERE  TRACED  FOR  A  5-MINUTE  PERIOD  BEFORE  THE  NOISE  EXPOSURE.  ThE  EAR¬ 
PIECE  COVERING  THE  EAR  WAS  THEN  PUSHED  ASIDE  BY  THE  SUBJECT  AND  THE  NOISE 
PRESENTED.  AFTER  THE  NOISE  STOPPED,  THE  SUBJECT  SLIPPED  THE  EARPHONE 
OVER  THE  EXPOSED  EAR  AND  AGAIN  TRACED  HIS  THRESHOLD  FOR  THE  4000  CPS  TONE 
CONTINUOUSLY  FOR  A  PERIOD  OF  20  MINUTES.*  ThE  EAR  NOT  BEING  TESTED  IN 
THESE  SESSIONS  WAS  FILLED  WITH  A  COTTON-VASELINE  PLUG  AND  COVERED  WITH 
THE  OTHER  EARPHONE  IN  THE  HEADSET  FOR  THE  ENTIRE  PERIOD.  SiMILARItY, 

WHEN  CVC  HELMETS  WERE  WORN  IN  THE  EXPERIMENTAL  SESSI  ONSj„400D  CPS  THRES¬ 
HOLDS  WERE  TRACED  FOR  5  MINUTES  BEFORE  AND  20  MINUTES  AFTER  NOISE 
EXPOSURE.  The  4000  CPS  tone  was  supplied  to  the  ear  under  TEST  M  USING 

THE  appropriate  EARPIECE  OF  THE  HELMET'S  COMMUNICATIONS  GEAR.  Trffe  NON- 
TESTEO  ear  was  FILLED  WITH  A  COTTON-VASELINE  PLUG  IN  ADDITION  TO  BEING 
COVERED  WITH  THE  OTHER  EARPIECE  IN  THE  HELMET  ASSEMBLY. 

2.  Results 

A.  Effect  of  exposure  time  on  recovery 

Decibel  oifferences  between  4000  cps  thresholds  obtained  just 
BEFORE  THE  NOISE  AND  FROM  10  SECONDS  TO  20  MINUTES  AFTER  THE  NOISE  WERE 
DETERMINED  FOR  EACH  SUBJECT  AND  NOISE  EXPOSURE  CONDITION.  ThE  MEDIAN 
OIFFERENCES  FOR  THE  SUBJECT  GROUP  FOUND  10  SECONDS  AFTER  NOISE  EXPOSURE 
AS  WELL  AS  FOR  EACH  MINUTE  OF  THE  20-MINUTE  RECOVERY  PERIOD  ARE  PLOTTED 

IN  Figure  5  all  combinations  of  noise,  duration,  and  protection  con¬ 
ditions.  The  CURVES  shown  in  this  figure  indicate  that  the  threshold 

LOSSES  immediately  AFTER  NOISE  EXPOSURE  AS  WELL  AS  THE  RECOVERY  TIME  FROM 
SUCH  LOSSES  BECOME  GREATER  WITH  INCREASING  EXPOSURE  TIME.  IT  IS  ALSO 
APPARENT  FROM  THE  SLOPES  OF  THESE  CURVES,  THAT  RECOVERY  WAS  RAPID  WITHIN 
THE  FIRST  2  MINUTES  FOLLOWING  NOISE  EXPOSURE.  BEYOND  2  MINUTES,  THE  RATE 
OF  RECOVERY  DECREASED  APPRECIABLY. 

B.  Recovery  from  continuous  and  impulse  noise  exposure 

'  Inspection  of  the  recovery  curves  shown  in  Figure  5*  **^0  5®  shows 

THAT  continuous  NOISE  PRODUCED  GREATER  IMMEDIATE  HEARING  LOSSES  FOR, 4000 
CPS  THAN  IMPULSE  NOISE  FOR  THE  3  TIMES  UNDER  BARE  EAR  CONDITIONS. 

Recovery  from  the  threshold  losses  due  to  impulse  noise  for  6-  and  12- 

MINUTE  EXPOSURES  WAS  FASTER  THAN  THAT  FOR  CONTINUOUS  NOISE.  FoR  18- 
MINUTE  DURATION,  EXPOSURES  TO  BOTH  CONTINUOUS  AND  IMPULSE  NOISE  REQUIRED 
MORE  THAN  20  MINUTES  FOR  COMPLETE  RECOVERY. 

* About  10  seconds  elapsed  between  the  end  of  the  noise  exposure  and  the 

START  OF  THE  THRESHOLD  TRACflNG. 


A.  Bore  Ears  •  Continuous  Noise  r  8.  Bore  Eors*  Impulse  Noise 


RECOVERY  TIME  (MINUTES) 


ErrtCT  or  hecmet  raoTCCTioN  on  reccvery 


ReCOVCRY  DATA  FW  WtOTtCTCO  CARS  (CVC  HELMET) 

DURATIONS  or  CONTINUOUS  NOISC  (Flfi.  50  SHOW  IMMEDIATE  THRESHOLD  SH I ETS 
AND  RECOVERY  TIMES  WHICH  ARC  REDUCED  IN  COMRARISON  TO  ^HOSE  ®®TAINEO 
BARE  EAR  EXPOSURES  UNDER  THE  SAME  CONDITIONS  (FiC.  5a)  .  ON  THE  OTHER 
HAND,  THE  SLIGHT  OirrCRENCES  BETWEEN  THE  CURVES  SHOWN  IN  FIGURE  5b  AND 

Figure  roR  impulse  noise  indicate  that  the  helmet  had  little  efeect 

!^N  DECREASING  THE  MAGNITUDES  OF  THRESHOLD  LOSSES  AND  SUBSEQUENT  RECOVERY 
TIMES  rOH  BARE  EAR  EXPOSURES  TO  SUCH  NOISE. 


Comparison  or  percentage  recovery  data  for  various  exposure 

CONDITIONS 


To  SHOW  MORE  CLEARLY  THE  RECOVERY  ASPECTS  OF  THIS  STUDY,  PER- 
CE^TASE  BEtOVEOY  SCORES  fO»  1,  J.  5-  ‘«0  8  "•»OTES  .ETER  «ROSURE  WERE 
computed  for  EACH  SUBJECT  FOR  EACH  EXPERIMENTAL  CONDITION.  THE  PERCENT¬ 
AGE  RECOVERY  SCORES  REPRESENT  THE  DIFFERENCES  BETWEEN  THE 
FOUND  immediately  AFTER  THE  NOISE  EXPOSURE  AND  AT  EACH  OF 
TIMES  DURING  THE  RECOVERY  PERIOD,  DIVIDED  BY  THE  IMMEDIATE 

LOSS.  Table  IV-  shows  the  meoian  percentage  recovery  scores  for  the  sub¬ 
ject  GROUPS  at  1,  3,  5,  AND  8  MINUTES  AFTER  BARE  EAR  EXPOSURES  TO  CONTIN- 
Zl  Ar.MPULSE'NoisI  OF  VARIOUS  DURATIONS.  WITH  ONLY  ON.  EXCEPTION, 

THE  RECOVERY  SCORES  NOTED  AT  DIFFERENT  TIMES  FOLLOWING  EXPOSURE  TO  IMPULSE 
noise  ARE  ALL  GREATER  THAN  THOSE  SHOWN  FOR  CONTINUOUS  j"®* 

AN  EVALUAtlON  OF  THE  INDIVIDUAL  SUBJECT  SCORES  BY  THE  MANN4\/HI  TNEY 

(n)  indicated  THAT  THE  OlFFERENCES  BETWEEN  RECOVERY  SCORES  FOR  CONriNUOUS 

AND  IMPULSE  NOISE  WERE  STATISTICALLY  SIGNIFICANT  IN  ONLY  ONE  INSTANCE 

(See  Table  IV). 


A  COMPARISON  OF  THE  PERCENTAGE  RECOVERY  SCORES  FOR  PROTECTED  (CVC 
helmet)  and  bare  ear  EXPOSURES  TO  CONTINUOUS  NOISE  OF  ®®f  ®  J®  „ 

IS  SHOWN  IN  Table  V.  Based  upon  the  results  of  a  sign  test  (13)  performed 


TABLE  IV 

COMPARISON  OF  MEOIAN  PERCENTAGE  RECOVERY  SCORES  FOR  BARE  EAR 
EXPOSURES  TO  CONTINUOUS  AND  IMPULSE  NOISE 
OF  VARIOUS  DURATIONS 


Time 

After 

Exposure 

(min.) 


6  MIN. 

Impl. 


12  MIN. 


10  MIN. 


-4o** 

-16 

-11 

-5 


**p  <  .01 


•  •  k  1 


k*  ‘i*  'i'rTA?.*  >.  ,4  4 


1  W.."  r  _■  ■, 


n».  Y 


♦'JV'i. 

L  '%  ■%  ,  •  i %  ,1  •»,v3 


r  »/  O 


t\*m  "h  m  1  •  •'k 

t*  'ir*  S* 

!> r>  -  I 


TABLE  V 

COMPARISON  OF  MEDIAN  PERCENTAGE  RECOVERY  SCORES  FOR  BARE  AND 
PROTECTED  (CVC  HELICT)  EAR  EXPOSURES  TO  CONTINUOUS  NOISE 
AND  IMPULSE  NOISE  OF  VARIOUS  DURATIONS 


Time 

ArTc* 

Exposure 

(min.) 


6  min* 


12  MIH. 

CVC  6xRE“(5rFr7 

.mi  nliiwwiPt  I  . .  ■  ■— 

Continuous  Noise 


18  MIN* 


4li 

38 

6 

63 

55 

10 

60 

20 

4o** 

64 

50 

77 

i4 

00 

68 

12 

^5 

IV 

70 

-7 

89 

69 

20* 

67 

59 

28* 

98 

m 

i4 

96 

75 

21* 

91 

70 

21* 

Impulse 

Noise 

48 

50 

70 

61 

3 

-11 

P 

61 

t  1 

cocn 

P 

60 

61 

-8 

4 

82 

-12 

59 

70 

-11 

80 

70 

10 

91 

*3 

68 

78 

-10 

79 

75 

4 

»*p  <  .01 

ON  THE  INOIVIOUAU  SUBJECT  OATAj  SIGNIFICANT  OIFFERENCES  BETWEEN  PERCENTAGE 
RECOVERY  SCORES  FOR  PROTECTED  AND  BARE  EARS  WERE  NOTED  FOR  1,3#  5#  *^0  » 
minutes  following  CONTINUOUS  NOISE  EXPOSURE  OF  l8  MINUTES*  ThE  DIRECTION 
OF  THESE  OIFFERENCES  INDICATED  THAT  THE  RATE  OF  RECOVERY  FROM  HEARING 
EOSS  IMCORREO  WHILE  WEARING  A  HELMET,  IN  CONTINUOUS  NOISE  WAS  FASTER  THAN 
WHEN  NO  CAR  COVERING  WAS  USED.  SIGNIFICANT  INCREASES  IN  THE  RATES  OF 
RECOVERY  FOR  PROTECTED  EAR  CONDITIONS  WERE  ALSO  NOTED  FOR  5 
UTES  AFTER  EXPOSURE  TO  12  MINUTES  OF  CONTINUOUS  NOISE*  NO  SIGNIFICANT 
DIFFERENCES  BETWEEN  BARE  AND  PROTECTED  EAR  RECOVERY  SCORES  WERE  FOUND, 
HOWEVER,  FOR  6-MINUTE  EXPOSURES* 

Differences  between  the  median  percentage  recovery  scores  for  pro¬ 
tected  AND  BARE  EAR  EXPOSURES  TO  VARIOUS  DURATIONS  OF  IMPULSE  NOISE  ARE 
ALSO  SHOWN  IN  TaBLE  V*  APPLICATION  OF  SIGN  TESTS  (I3)  TO  THE  INDIVIDUAL 
SUBJECT  DATA  INDICATED  THAT  NONE  OF  THE  DIFFERENCES  BETWEEN  BARE  AND 
PROTECTED  EAR  CONDITIONS  WERE  STATISTICALLY  SIGNIFICANT*  HeNCC,  AS 
COMPARED  WITH  BARE  EAR  EXPOSURES,  THE  HELMET  DID  NOT  FAtlLITATE  RECOVERY 
FROM  HEARING  LOSSES  FOLLOWING  EXPOSURE  TO  IMPULSE  NOISE* 

Discussion 

The  FINDINGS  OF  Experiments  I  and  II  support  the  conclosion  that 

FOR  VARIOUS  EXPOSURE  TIMES  TO  A  GIVEN  AMOUNT  OF  NOISE  ENERGY,  CONTINUOUS 


noise  produces  oreatcr  thrcshowo  tosses  TMAM  IHPUtSe  NOISE.  JHOCCO, 

BOTH  FOR  SIZE  OF  IMMEDIATE  THRCSHOtO  LOSS  AND  FOR  AMOUNT  OF  RECOVERY  AT 

Tar'ous  Tti„  *fter  exposure,  ihpolse  noise  is  less 

I  NO  ACUITY  THAN  AN  ECU  1  VALENT  AMOUNT  OF  CONTIMUOOS  '*®* 
prsuLTS  ARE  IN  AGREEMENT  WITH  A  PREVIOUS  INVESTIOATIOH  (HJ,  THEY  MAY 
not  apply  to  EXTREMELY  INTENSE  IMPULSES  Of  NOISE.  AS  SPEITM  AND  TRITTIPOC 
HAVE  NOTED,  SHORT-TERM  EXPOSURES  TO  REPEATCO  BLASTS  REACHIHO  PEAK 
levels  of  160  OB  OR  MORE  MAY  PRODUCE  MORE  NEARING  DAMAGE  THAN  THE  SAME 
amount  of  continuous  NOISE  ENERGY.  IT  SHOULD  BE  NOTED  HERE  THAT  PEAK 
intensity  levels  of  160  OB  OR  MORE  ARE  MOT  UNCOMMON  IN  MILITARY  SITU¬ 
ATIONS*  The  FIRING  LEVELS  OF  THE  76mM,  90mK,  AND  lO^MM  fICLO  PIECES, 

FOR  EXAMSLE,  ARE  ALL  ABOVE  l60  OB  (l). 


Another  limitation  to  generalizing  the  present  findings  concerns  the 
relationship  between  temporary  and  permanent  hearing  LOSS.  IS  THE  SAME 
amount  OF  temporary  hearing  LOSS  PRODUCED  BY  CONTINUOUS  AND 
associated  with  the  SAME  AMOUNT  OF  PERMANENT  HEARING  DAMAGE  WITH  PROLONGED 
EXPOSURES?  Recent  evidence  (15)  has  jnoicateo  that  the  extent  or  tem¬ 
porary  threshold  changes  following  a  oay*s  exposure  to 
IS  surprisingly  close  to  the  magnitudes  of  permanent  hearing  losses  noted 
after  10-years  exposure  to  the  same  type  of  noise.  Such  an  evaluation 
hgs  not  as  yet  been  conducted  for  impulse  types  of  noise. 

The  second  basic  finding  of  the  present  study  is  the  differential 
noise  protection  offered  by  the  eve  helmet  to  continuous  and  impulse 
TYPES  of  noise,  as  COMPARED  WITH  THE  THRESHOLD  LOSSES  OCCURRING  FOR 
unprotected  ears  in  a  CONTINUOUS  NOISE  FIELO,  THE  CVC  HELMET 
CANTLY  REDUCED  THE  AMOUNT  OF  IMMEDIATE  THRESHOLD  SHIFT  AND  INCREASED  THE 
rate  of  RECOVERY  FOLLOWING  EXPOSURE  TO  SUCH  NOISE.  IM  CONTRAST,  THE 
PROTECTION  GIVEN  BY  THE  HELMET  TO  IMPULSE  NOISE  WAS  T”' * 

RESULT  WAS  PROBABLY  OUE  TO  THE  SOUND  ATTENUATING  PROPERTIES  OF  THE  HELMET 
SND  THE  DIFFERENCES  IN  SPECTRA  BETWEEN  THE  TWO  TYPES  OF  NOISE.  TABLE  VI 
stows  THE  OCTAVE  BAND  INTENSITIES  FOR  THE  CONTINUOUS  AND  REPROOU«0 
IMPULSE  NOISE  TOGETHER  WITH  THE  SOUND  ATTENUATION  GIVEN  BY  THE  CVU 
HELMET  WHEN  AVERAGED  FOR  THE  FREQUENCIES  WITHIN  EACH  BAND.  SUBTRACTING 
THE  helmet’s  ATTENUATION  FROM  THE  CONTINUOUS  NOISE  BY  OCTAVE  BANOS  YIELDS 
INTENSITY  VALUES  WHICH  ALL  FALL  BELOW  100  OB.  SuCH  VALUES  HAVE  ONLY 
limited  CAPABILITY  FOR  PRODUCING  HEARING  LOSS,  ESPECIALLY  FOR  THE  EXPO¬ 
SURE  TIMES  USED  IN  THE  PRESENT  STUOY.  FOR  IMPUOSE 

HELMET’S  ATTENUATION  WOULD  STILL  LEAVE  INTENSITY  VALUES,  PARTICULARLY  III 
THE  LOW  AND  MIDDLE  BANOS,  WHICH  ARE  OVER  100  08  AND  STILL  HIGH  CHOUGH 
TO  CAUSE  SIGNIFICANT  HEARING  LOSSES. 

The  INEFFECTIVE  PROTECTION  PROVIDED  ST  THE  CVC  HELMET  TO  MACHINE- 
GUN  NOISE  MAY  BE  GENERAL  I  ZABLE  TO  OTHER  TYPES  OF  HELMETS  AMO  OTHER  KINDS 
OF  WEAPON  NOISE.  TmIS  IS  BASED  UPON  TWO  FINDINGS.  THE  FIRST  IS  THAT 
THE  ATTENUATION  PROPERTIES  OF  THE  CVC  HELMET  ARE  QUITE  SIMILAR  TO  THOSE 
FOUND  IN  OTHER  TYPES  OF  ARMOR  ANO  AIRCRAFT  CREWMENS’  HEADWEAR  111). 

The  SECOND  is  that  the  octave  sand  intensities  NOTED  IN  THE  NOISE  S^CTRA 
FOR  MOST  WEAPONS  EQUALS  OR  EXCEEDS  THOSE  GENERATED  BY  THE  CAL.  MACHINE- 

GUN  (l). 


TABLC.  VI 

ATTENUATION  OF  CONTINUOUS  AMD  IM»«.SE  NOISE  LEVELS  (IN  OB)  BY  CVC  HOJCT 

OcTAve  Baud  Limits  in  Cycles  Pcs  Second 


75 

150 

150 

300 

600 

600 

1200 

1200 

2400 

III 

4800 

10000 

CONTIN. 

Noise 

101 

102 

105 

107 

105 

98 

5® 

CVC  Atten¬ 
uation 

5 

7 

7 

10 

17 

25 

30 

Resultant 

LEVEL 

96 

95 

98 

97 

63 

73 

60 

Impulse 

Noise 

112 

115 

122 

121 

115 

ii4 

96 

CVC  Atten¬ 
uation 

5 

7 

7 

10 

17 

25 

30 

Resultant 

Level 


107  108  115  111  98  ^  86  . 


The  temporary  hear i no  losses  found  in  the  present  investicatioii  and 
mentioned  throughout  this  discussion  were  generally  greater  for  t«iw 
above  1000  CPS  THAN  FOR  THOSE  BELOW.  THIS  RESULT  WAS  EXPECTED,  SIMCC 
EXPoLrE  to  wide  spectrum  noise  (such  as  THE  CONTINUOUS  AND  IMPULSE  NOISE 
USED  here)  RESULTS  IN  THRESHOLD  LOSSES  PARTICULARLY  FOR  THE  HIGHER  FRC- 

quencies  of  sound  (6,  12).  Bare  ear  exposures  to  the  continuous  noise, 
HOWEVER,  caused  MAXIMUM  LOSSES  AT  EITHER  4000  OR  6OOO  CPS.  FOR  CO^ 
PARABLE  EXPOSURE  CONDI TIONS, IMPULSE  NOISE  PRODUCED  MAXIMUM  LOSSES  AT 

8000  CPS.  Unfortunately,  there  was  no  clear  indication  in  the  present 

STUDY  AS  TO  WHAT  FACTOR  OB  FACTORS  MIGHT  BE  CAUSING  THIS  RESULT. 

Summary  and  conclusions  » 

]N  THE  FIRST  OF  TWO  STUDIES,  TEMPORARY  HEARING  LOSSES  tOR  FR^ 
oucnCIES  2'iO  TO  8000  CPS  WERE  NOTED  FOR  BARE  AND  PROTECTED  EARS 
SelMET)  following  6-,  12.,  *NO  18-MINUTE  EXPOSURES  TO  CONTINUOUS  AND 
IMPULSE  { RECORDED  3O  CAL.  MACHINE  GUN  FIRE)  NOISE  OF  COMPARABLE  ENERGY 

LEVEL.  Apparent  threshold  losses  for  both  types  of  noise  were  greater 

rSrFREQUENClES  .30VE  1000  CPS  THAN  FOR  THOSE  BELOW.  THESE  IMPAIRMENTS 
TENDED  TO  INCREASE  WITH  INCREASING  EXPOSURE  TIME.  UNDER  BARE  CAR  COINJI- 
TIONS,  CONTINUOUS  NOISE  CAUSED  GREATER  HEARING  LOSS  THAN  IMPULSE  NOISE, 
IRRESPECTIVE  OF  EXPOSURE  TIME.  WEARING  THE  CVC  HELMET  IN  THE  PRESENCE 
OF  CONTINUOUS  NOISE,  HOWEVER,  SIGNIFICANTLY  REDUCED  THE  AMOUNT  OF 


threshold  loss  occurring  under  bare  ear  exposures.  In  contrast,  the 
helmet  save  negligible  protection  against  impulse  noise. 

A  SECOND  EXPERIMENT  STUDIED  A  20-MI NUTE  RECOVERY  PERIOD  FOR  4000  CPS 
hearing  LOSSES  FOLLOWING  EXPOSURE  TO  THE  NOISE  CONDITIONS  OF  THE 
INVESTIGATION.  UNDER  BARE  CAR  EXPOSURES,  RECOVERY  FROM  CONTINUOUS  NOISE 
WAS  SLOWER  THAN  THAT  FOR  IMPULSE  NOISE,  PARTICULARLY  FOR  THE  LONGER 

exposure  times.  Wearing  the  helmet  increased  the  rate  or  recovery  from 

CONTINUOUS  NOISE  EXPOSURES  BUT  HAD  LITTLE  EFFECT  UPON  THE  THRESHOLD 

recovery  from  losses  due  to  impulse  NOISE- 

AlTHOUGH  there  were  certain  LIMITATIONS,  THE  RESULTS  OF  THE  TWO 
STUDIES  SUGGEST  TVfO  BASIC  CONCLUSIONS: 


1.  For  various  exposure  times  to  a  given  amount  or  noise  energy, 

CONTINUOUS  noise  CAUSES  GREATER  TEMPORARY  HEARING  LOSS  FOR  UNPROTECTED 
EARS  THAN  DOES  IMPULSE  NOISE. 


2.  Relative  to  the  losses  occurring  under  bare  car  exposures,  the 

CVC  HELMET  PROVIDES  GREATER  PROTECTION  AGAINST  CONTINUOUS  NOISE  THAN 
AGAINST  IMPULSE  NOISE. 
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APPENDIX 


COMPUTATION  OF  AVERAGE  Af^UNT  OF  SOU^JD  ENERGY  CONTAINED 
IN  \  MINUTE  OF  IMPULSE  NOISE 


APPENDIX 


Ca-iPUTATION  or  AVERAGE  AMOUNT  Or  SOUND  ENERGY  CONTAINED 
IN  1  MINUTE  or  U4PULSE  NOISE 


The  computational  procedure  consisted  or  weighting  the  pressure  ratio 

EQUIVALENTS*  OF  THE  BURST  AND  INTER-BURST  DECIBEL  LEVELS  BY  THE  RESPECTIVE 
AMOUMTS  or  BURST  AND  INTER-BURST  TIME  WHICH  OCCURRED  IN  A  1 -MINUTE  PRE¬ 
SENTATION  or  IMPULSE  NOISE.  The  decibel  levels  of  the  machine  gum  bursts 
AVERAGED  128  OB,  WHICH  CORRESPONDED  TO  A  PRESSURE  RATIO  OF  2.512  X  IQD. 

The  inter-burst  decibel  level  was  75  db  which  was  equal  to  a  pressure 
ratio  or  5.623  X  103.  SiNCf  136  bursts  of  gunfire  occurred  per  minute 

AND  EACH  BURST  LASTED  .06  SECONDS,  I36  X  .O6  OR  8.I6  SECONDS  REPRESENTED 
THE  TOTAL  BURST  TIME  PER  MINUTE.  SUBTRACTING  8.1 6  SECONDS  FROM  6O 
SECONDS  GAVE  51.84  SECONDS,  THE  TOTAL  AMOUNT  OF  INTER-BURST  TIME  PER 

minute:  The  weighting  operation  consisted  or  multiplying  the  burst 
PRESStHIC  RATIO  BY  THE  BURST  TIME  PER  MINUTE,  I.E.,  {2.512  X  10°)  X  (8.I6), 
AND  THE  INTEH-EURST  PRESSURE  RATIO  BY  THE  INTER-BURST  TIME,  I.E.,  (5*623 
X  103)  X  (51.84),  WHICH  CAVE  PRODUCTS  OF  20. 5O  X  10°  AND  2^\  X  10^ 
RESPECT! VELY.  ADDING  THESE  PRODUCTS  TOGETHER  AND  DIVIDING  BY  6O  YIELDED 
A  PRESSURE  RATIO  (3.^7  X  105)  WHICH  REFLECTED  THE  AVERAGE  AMOUNT  OF  SOUND 
ENERGY  CONTAINED  IN  1  MINUTE'S  PRESENTATION  OF  IMPULSE  NOISE.  CONVERTING  ^ 
THIS  PRESSURE  RATIO  BACK  TO  DECIBEL  LEVEL  CAVE  A  VALUE  OF  111  DB. 


^Decibel  values  are  logarithmic  expressions  which  usually  require  conver¬ 
sion  TO  OTHER  FORMS,  E.G.,  PRESSURE  RATIOS,  BEFORE  THEY  CAN  BE  HANDLED  IN 
ARITHMETIC  COIiPUTAT  1 ONS.  TABLES  FOR  CONVERTIfiG  DECIBEL  LEVELS  TO  PRESSURE 
RATIOS  (and  vice-versa)  ARE  FOUND  IN  ThE  GENERAL  RaDIO  HANDBOOK  OF  NOISE 
I  lE  ASUREi^ENT,  GENERAL  RaDIO  CO.,  CONCORD,  ImASSACHUSETTS,  195^‘ 
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Wrtghl-Patiarson  AF  Base 
Daytoa,  Ohio 


Commanding  Offloar 
TrinaporUUe*  Res  A  ta,  Command 
U.  8.  Army 
Ft.  EusUt,  Vlrglatt 

AUK  TaehSenloaolllr. 


Chief,  Nutrition  Dl*. 

Air  Development  Center 
AtrO'Medlcal  Lab. 

Wright  Patterson  AFB,  Ohio 
AUK  Dr.  Barry  C.  Djme 


PtemdMl  _  „ 

0.  S.  Army  Airborne  and  ElectrcrUcs  BS. 
FL  Bragg,  N.  C.  . 

Alim  ATBF 


Commandant 
The  (;U  Sebaol 
Ft.  Lae,  Virginia 
AUK  Lttrary 


The  Army  Idbrary 
penugon  Bldg., 
WashlngUd  A  0.  C, 


Commanding  General 
FrarJtford  Arsenal,  PhUa  37,  n. 
Atlm  Cagr.  Psychology  Dir.  (L21 


Commsndinl,  Coinoiind  4  dstietel  Suit 
CoUsga 

Ft  leavenoerth,  I 


;omna.idcr 

AF  CamLtIdge  Research  Center 

el  r  Reaearch  4  Development  Cmd. 

UiUreitce  G.  Hanseom  Field 
Bedford,  Mass. 

AUK  CHTOTT-I 


1  Preatdent 

U.  B.  Army  Aviation  Bd. 
FL  Rucker,  Ala. 

MtK  ATBO 


1  Commanding  Officer 

0.  S.  Army  Arctic  Test  Board 
FI  Grtaly,  Maaka 
Attm  ATBB 


Egs.,  Army  Electronic  Proving  Ground 
FL  Buschjca,  Ariwna 
Afju  AvlaUon  4  Meteorological  Daps. 
Tech.  Information  Br. 

Deputy  Chief  lor  Meteorology 


CommandanL  V.  S.  MHSary  Academy 
Waal  Point,  NewTerfc 


.«43C 


Commanding  Central 
The  Engineer  Canter 
FL  Balvolr,  Va. 


Commanding  OBloaf,  Datroll  Arseiul 
28291  VanOyksSL,  CoOerUm,  Mich, 
Attm  Bes  4  Eagr.  DM. 


1  LIreclor 

rJtval  Heaearch  Laboratory 
<:*  4  Chenaiwike  St.,  S.  W. 
Wanhlngtoo  29,  D.  C. 


BOARDS  4  COMMlTTEEa. 


Army  Committee  on  Environment 
Chief,  Research  4  Development 
'Pentagon,  Waehlngton,  D,  C. 


Commanding  Officer 
Diamond  Ordnance  Fuse  Lahe. 
Washington  29,  D.C. 

Attm  Tech  Reference  Section 
(OROTL-012) 


Commanding  Oenaril 

Bgs.,  U.S.  Army  Medical  R40  Commaid 
Main  Navy  Bldg. 

Washington  29,  V.  C. 

Atlm  NP4PP  Research  Branch 


I  Chief.  Bureau  of  Ordnance 
Dtpartmeut  of  the  Navy 
V/nahIngter,  29.  D.  C. 

AUK  RVDDlv. 


Commanding  General 
Aberdeen  Proving  Ground 
Aberdeen.  Maryland 


Commander 

QM  Intelligence  Agency,  B.S.  Army 
Washington  A  D.  C. 


1  Saval  Medical  Research  Inatltul* 
National  Naval  Med.  Res.  CenUr 
BethesA  Md. 


Anned  Forces  Peat  Control  Bd. 
Walter  Reed  Army  Med.  Ceolor 
Foreel  Glen  Amws 
Main  Bldg. 

Forest  Glen,  Maryland 


Executlva  DIraclor 

Military  Clothing  and  leaillt  Supply  Ageicy 
2900 s.  20lhSI.,  PhUa.  49,  Pa. 


7.  Calel  of  Naval  Research 
Washington  29.  O.  C. 
Attn:  Code  4023 


Army  Research  Committee 
Chief.  Research  4  Development 
Penugon,  Washington,  O.  C. 


Chief  Sigtial  Officer 
Jefortmenl  of  the  Army 
A'iEninpOh29,  D.  C. 

Attm  Res.  4  Dev.  Dlv. 


Commanding  Officer 

QM  R4E  Field  EvaltnUeo  Agency,  U.S.  Army 
Airborne  SysUms  That  Ofv. 

Tfuma  Teat  Sutloo 
Tuna,  Arizona 


1  Chief.  Bureau  of  Ship* 
r.njn^tjnent  uf  the  Navy 
■VasImiTto.,  29.  D.  C. 
r.tiK  Code  331 


Chief.  Bureau  of  Med.  ft  Surgery 
Jlept.  of  tte  Navy,  Wash  29,  D.  C. 
Atlm  Cede  33 


.SJSiJUlJLi 


r,  «•**  «h*i 


1  Na'lonal  l  esearch  Council 

kill  CotstitutionAve. ,  Washington,  D.C. 
Attm  ACvmory  Bi.  on  QM  R4D 


S.  CepurtmentofCvsiintrc^ 

Weather  Bureau  UbRtcjr,  W»th  ingtcR,  I>.C. 


1.  Araed  Se-^/ioss  Technical  Inl(Tmallon  A9enej 
A  'Ln5*c?i  Kail  StaU«>n 

Arl-vr-Oft  Va.  , 

Atta:  TIFDa  * 


Central  Intelligence  Agency 
Collection  k  DlosewUatien 
Washington  diu.  D.C. 


Jeirlne  Corps  E4ulpmen:  Board 
Marine  Dc  .vlopineni  Center 
Maiine  Cots  ScIk-oI 
^intico,  Va. 


0.  S.  Department  Ol  Agriculture  Litrtey 
Wa^ngton  D.  C. 


2 


O.ft  and  Exchange  Division 
Library  ei  Congress 
Washingtea  Hi  D.  C. 


National  Library  of  Uediclm 
Washington  A  D.  C. 


Office  of  Technical  Tiervlceo 
U.  S.  Dcfrt  rtmen*.  of  Commerce 
Washingte:!  iitr,  D  C. 

A- in:  Tech  Rptc  See  (THRU  0^0) 


Commandant 

Industrial  College  of  the  Armed  For: 
Ft.  McNair,  WaKhingto.n  kb,  D.  C- 


Genc  nil  inte.ndfinien 
Stan<UrdlsertngskoiiVMet 
Festnlngen 
Oslot,  Norway 


Rep.  esenutlve 

A  “iny  Ccinroand  and  General  Staff  Cclae^ 
Department  of  the  Infantry  Dlv. 
n.  Leavenworth,  Kansas 


